INTRODUCTION
============

Dyslipidemia is a major risk factor of atherosclerosis and an increase of low density lipoprotein cholesterol (LDL-C) showed a close relationship with cardiovascular disease (CVD) \[[@B1][@B2]\]. A number of large clinical trials demonstrated the prevention of CVD with statin treatment that targeted the reduction of LDL-C \[[@B3][@B4][@B5][@B6]\]. However, recently there are epidemiological data reporting that apolipoprotein is more useful as a risk factor of CVD than LDL-C or high density lipoprotein cholesterol (HDL-C) \[[@B7][@B8]\]. LDL consists of colonies of various particles of different sizes, densities and chemical composition \[[@B9]\], and small dense LDL (sdLDL) is known to have a high risk of atherosclerosis due to its physiochemical properties \[[@B10][@B11][@B12]\]. Especially in patients with type 2 diabetes mellitus (T2DM), dyslipidemias with low HDL-C and high triglyceride (TG) occurs due to insulin resistance, and these patients are known to have increased sdLDL despite their normal range of LDL-C \[[@B13]\]. Apolipoprotein B (ApoB) is a marker that represents the total number of atherosclerotic particles and is considered more useful in predicting the risk of CVD than LDL-C in T2DM with increased sdLDL since it reflects the amount of LDL.

Metabolic syndrome (MetS) is defined by the group of risk factors that increase CVD risks such as abdominal obesity, hypertriglyceridemia, low HDL-C, hyperglycemia, and hypertension \[[@B14]\]. The incidence and risk of CVD is known to be five-fold higher when MetS is accompanied with diabetes \[[@B15]\]. Insulin resistance has been reported to raise the level of apoB due to an increase of very low density lipoprotein (VLDL) in the liver \[[@B16]\]. Thus, MetS where insulin resistance plays an important role would be considered to have a correlation with apoB. Previous studies have reported such correlations between the increase of apoB and MetS in the general population \[[@B17]\]; however, there are not many studies conducted among the patients with diabetes. The present study was aimsed to determine the relationship between MetS and apoB in patients with T2DM.

METHODS
=======

Study subjects
--------------

This study included 912 patients with T2DM who were admitted to Jeju University Hospital from September 2005 to July 2013. Patients who were suspected to have a type 1 diabetes were excluded (serum C-peptide less than 0.6 ng/mL, increase of anti-glutamic acid decarboxylase titer, multiple doses of insulin injection from the time of the diagnosis, a history of diabetic ketoacidosis), also other diabetic patients from the secondary causes (drug induced, chronic pancreatitis, and pancreatectomy) were also excluded.

Study methods
-------------

Physical measurements, blood pressure (BP), and biochemical laboratory tests of all participating patients were conducted. Waist circumference was measured at the narrowest part between the chest and iliac crest parallel to the ground while maintaining normal breathing. The BP was recorded as the average of two BP measurements after having a stable condition for more than 10 minutes. Additional measurements included glycated hemoglobin (HbA1c), high-sensitivity C-reactive protein, total cholesterol, HDL-C, LDL-C, and apoB. Age, the presence or absence of antihypertensive and lipid-lowering medication, and duration of T2DM were collected based upon their interview. MetS was defined based on National Cholesterol Education Program Adult Treatment Panel III criteria \[[@B18]\] and the obesity standard in Korea \[[@B19]\] as follows: (1) waist circumference: more than 90 cm in male and more than 85 cm in female; (2) BP greater than 130/85 mm Hg or administration of antihypertensive medication; (3) fasting glucose greater than 100 mg/dL; (4) TG greater than 150 mg/dL; and (5) HDL-C less than 40 mg/dL in male, less than 50 mg/dL in female. Since this study was conducted among the patients with T2DM, all of their fasting glucose levels satisfied one of the criteria for MetS; thus, MetS was diagnosed when more than two of the other four criteria except for the fasting glucose level were satisfied.

Statistical analysis
--------------------

The results were presented in mean±SD and the categorical variables were presented in percentage. The participating patients were divided into a MetS and non-MetS group, and for the continuous variables, the mean values were compared by using the Student *t* test. The chi-square test was also used for the categorical variables. Also, the analysis of variance (ANOVA) with the linear trend test was performed after dividing the participating patients into five groups according to the number of MetS factors in order to investigate the correlation between apoB and MetS. ApoB was the primary apolipoprotein of LDL-C and more than 90% of apoB is usually found in LDL \[[@B20]\], and thus the analysis of covariance (ANCOVA) of apoB was conducted to exclude LDL-C as a confounding factor between MetS and non-MetS group and LDL-C was covariance. Hierarchical regression analysis was used to analyze the effect of the various factors on apoB. In hierarchical regression analysis, model 1 included age, gender, LDL-C, and the number of MetS components. Model 2 corrected the use of lipid-lowering medication that could affect lipid measures; and MetS components were added in model 3. All the analysis used PASW version 18.0 (IBM Co., Armonk, NY, USA) and *P*\<0.05 was defined to be statistically significant. This study was approved by an Institutional Review Board of Jeju National University Hospital (2010-33). Informed consents were waived due to the retrospective nature of this study.

RESULTS
=======

This study enrolled 912 participants (male: female, 516 \[56%\]:396 \[44%\]), and their mean age was 58.4±12.9 years. Their mean BMI was 25.2±4 kg/m^2^, which indicated most of the patients were obese. The waist circumferences in males and females were 90.4±0.4 and 89.2±0.5 cm, respectively, which indicated both many of the male and female had abdominal obesity. The mean duration of diabetes was 9.8±0.3 years with mean HbA1c of 9.3%±2.5%, which indicated many of the patients had poor control of blood glucose. The mean LDL-C was 109.4±39.8 mg/dL, apoB was 99.5±48.9 mg/dL, and apoAI was 136.8±35.9 mg/dL ([Table 1](#T1){ref-type="table"}).

Seventy percent of the study subjects were diagnosed as having MetS, and their mean LDL-C and apoB levels were higher in the MetS group than in the non-MetS group (112.2±40.6 mg/dL vs. 102.9±37.3 mg/dL, *P*=0.001; 104.5±53.3 mg/dL vs. 87.7±33.7 mg/dL, *P*\<0.001, respectively). Using the ANCOVA for the correction of LDL-C, apoB was significantly higher in the MetS group than in the non-MetS group ([Fig. 1](#F1){ref-type="fig"}). Also, each of the MetS components showed significant differences between MetS and non-MetS ([Table 1](#T1){ref-type="table"}). Both LDL-C and apoB showed a significant relationship to the number of MetS components when ANOVA with the linear trend test was conducted in the five groups that were divided according to the number of MetS components, and apoB showed a higher relationship to the number of MetS components than LDL-C ([Fig. 2](#F2){ref-type="fig"}).

Hierarchical regression analysis was conducted to investigate the correlation between the number of MetS components and apoB even after the correction of LDL-C, age, and gender, and to determine the major MetS components which affects apoB. The number of MetS components was the most significant factor that determines apoB when compared with gender and LDL-C in model 1, which was corrected for age, gender and LDL-C, and the number of MetS components remained the independent predictor for apoB, even after the addition of the use of lipid lowering medications in model 2. In model 3, which was to find out the MetS component for the determination of apoB, systolic BP, and TG were determinant factors for apoB as well as LDL-C ([Table 2](#T2){ref-type="table"}).

DISCUSSION
==========

This study was conducted to determine the relationship between MetS and apoB in patients with T2DM. ApoB was significantly higher in diabetic patients with MetS than those without MetS, and this difference was significant even after correcting with LDL-C. Also apoB and LDL-C, and the number of MetS factors showed a significant positive correlation. As the results of hierarchical regression analysis indicated, the number of MetS components was the an independent predictive factor for apoB, even after the correction with LDL-C and use of lipid-lowering medications; and in each MetS component, systolic BP and TG were the predictive factors for apoB.

ApoB is one of the components found in chylomicron, VLDL, intermediate density lipoprotein, and LDL. One molecule of apoB is present on each lipoprotein particle, and more than 90% of apoB is usually found in LDL \[[@B20]\], reflecting the close relation between two factors. However, the concentration of LDL-C represents only the amount of lipid per LDL particle, and thus does not reflect the various size of LDL particles. On the other hand, apoB reflects the number of lipoproteins that can cause atherosclerosis and also an increase of sdLDL. Therefore, we may consider apoB is significantly related to the risk of CVD independent of LDL-C levels.

In 1996, a prospective cohort study in 2,155 Canadian males reported that there was a strong association between apoB and ischemic heart disease \[[@B8]\], and it was the first prospective study that demonstrated that apoB is a more useful factor to predict CVD risk than LDL-C or other lipid measures. Also Walldius et al. \[[@B21]\] conducted a 5.5-year follow-up study of 175,553 patients in Sweden to compare the mortality rates due to acute myocardial infarction (AMI) and lipid parameters, and reported that apoB had a closer relationship to the AMI occurrence than LDL-C. Especially, apoB is considered to be a valuable predictor of the CVD in patients with T2DM having elevated levels of sdLDL \[[@B22]\], but only apoB had a significant relationship to coronary artery calcification in the study that evaluated the relation between apoB, LDL-C and coronary artery calcification \[[@B23]\]. Results of these large-scale studies are consistent with our finding that apoB was higher in patients in MetS group than those in non-MetS group regardless of their LDL-C level.

Recently Ryoo et al. \[[@B17]\] conducted a cohort study which followed up 25,193 healthy Korean males without MetS for 5 years, and reported that apoB was a predictive factor for MetS. During 5 years of follow-up, 5,407 (21.5%) were diagnosed with MetS, and there was a significant positive correlation between the occurrence of MetS and apoB levels. These results are fairly consistent with our finding that found apoB was higher in the MetS group than the non-MetS group and it proportionally increases with the number of MetS factors. However, Ryoo et al. \[[@B17]\] conducted the study in healthy subjects and LDL-C was not corrected in the analysis of the relationship between apoB and MetS occurrence. On the other hand, the present study was a cross-sectional study with T2DM patients and factors that may affect apoB such as LDL-C and the use of lipid-lowering medications were corrected. It is necessary to conduct a large, prospective study of patients with T2DM in order to clarify the relationship between apoB and MetS.

Hypertriglyceridemia is one of the well-known risk factors for CVD \[[@B24][@B25][@B26][@B27]\], but it is not clear whether the treatment helps in the prevention of CVD \[[@B28]\]. The serum TG is produced in the liver in fasting state and transported in VLDL and absorbed in the small intestine after a meal and transported by chylomicron \[[@B29][@B30]\]. In the past, it was the fasting hypertriglyceridemia that showed the relationship with CVD, but recently, the effect of postprandial hypertriglyceridemia on the occurrence of CVD is being observed \[[@B31]\]. However the diagnosis of MetS uses the TG level measured in the fasting state while apoB is not affected by food intake, which makes apoB much simpler to be used when compared with other lipid parameters.

MetS and T2DM are well-known causes of secondary hypertriglyceridemia, and it is known to be related to the following: increase of free fatty acids influx into the liver, increased production of VLDL, decreased activity of lipoprotein lipase, and increased activity of cholesteryl ester transfer protein \[[@B32]\]. TG was found to be an association factor for apoB from the multiple regression analysis in this study, which may be due to insulin resistance. Insulin resistance increases the production of VLDL in the liver, and thus TG and apoB consisting of VLDL are also expected to increase at the same time in the presence of insulin resistance \[[@B33]\]. Also systolic BP showed an independent relationship with apoB, and the other studies showed similar results \[[@B34][@B35]\]. Ryomoto et al. \[[@B34]\] conducted a study in twenty three hypertensive patients without glucose intolerance and obesity and found out that apoB and sdLDL were higher in hypertensive patients than in a healthy control group. Okosun et al. \[[@B35]\] conducted a study of 1,844 abdominal obese female patients and reported that there was an association between apoB and systolic and diastolic BP. Apart from dyslipidemias, hypertension is also related to an increase of insulin resistance \[[@B36][@B37]\]. Therefore, the significant correlation between systolic BP and apoB is probably due to the co-etiology of insulin resistance, and a further study to find out the detailed mechanism is warranted. This study has a few limitations. First, this study was retrospective and there was a considerable difference between the number of subjects in the MetS group and the non-MetS group. Therefore the authors performed more precise analyses by investigating each factor of MetS and their correlation with apoB apart from the group comparison. Second, we did not directly analyze the occurrence of CVD and apoB. Due to the limitation of the cross-sectional study, the occurrence of CVD events could not be investigated, and instead, the correlations of MetS, apoB, and LDL-C, which have a close relationship to CVD in T2DM patients, was analyzed. The incidence of CVD and its risk factors such as apoB should be studied in T2DM patients with MetS.

In conclusion, apoB showed a significant relationship with MetS in T2DM regardless of LDL-C. TG and systolic BP were identified as determinant factors of apoB among the risk factors for MetS in regression analysis. The level of apoB can be measured regardless of food intake, it may be applied more conveniently in the process of evaluating the CVD risk in the clinical situation. Therefore, apoB is suggested to be one of effective risk factors for predicting CVD in patients with T2DM, and a guideline including apoB as the treatment goal should be developed.
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![(A) Differences in low density lipoprotein cholesterol (LDL-C) and (B) apolipoprotein B (apoB) according to the presence of metabolic syndrome. Values are expressed as mean±SE. ^a^Adjusted for LDL-C by analysis of covariance.](enm-30-208-g001){#F1}

![(A) Differences in low density lipoprotein cholesterol (LDL-C) and (B) apolipoprotein B (apoB) according to the number of components of metabolic syndrome. Values are expressed as mean±SE. ANOVA, analysis of variance; *P* for trend, *P* value by the test for linear trend.](enm-30-208-g002){#F2}

###### Comparison of Clinical and Laboratory Variables between MetS and Non-MetS Groups

![](enm-30-208-i001)

  Variable                          MetS group (*n*=641)   Non-MetS group (*n*=271)   *P* value   Total
  --------------------------------- ---------------------- -------------------------- ----------- -----------
  Age, yr                           58.6±12.8              58.1±13.4                  0.59        58.4±0.4
  Male sex, %                       51.8                   67.9                       \<0.001     56.6
  Duration of diabetes, yr          9.6±8.6                9.1±7.8                    0.43        9.8±0.3
  Glycated hemoglobin, %            9.2±2.3                9.4±2.8                    0.342       9.3±0.1
  C-peptide, ng/mL                  2.9±0.1                1.9±1.1                    \<0.001     2.6±0.1
  Body mass index, kg/m^2^          26.2±3.9               22.9±3.1                   \<0.001     25.2±0.1
  Waist circumference, cm           92.7±10.0              83.4±8.6                   \<0.001     89.9±0.3
  Systolic blood pressure, mm Hg    135.0±17.4             123.4±14.8                 \<0.001     131.5±0.6
  Diastolic blood pressure, mm Hg   81.4±10.7              76.3±9.1                   \<0.001     79.9±0.3
  Triglyceride, mg/dL               197.7±161.6            97.3±47.2                  \<0.001     167.9±4.8
  HDL-C, mg/dL                      43.2±20.1              51.4±12.5                  \<0.001     45.6±0.6
  LDL-C, mg/dL                      112.2±40.6             102.9±37.3                 0.001       109.4±1.3
  Apolipoprotein B, mg/dL           104.5±53.3             87.7±33.7                  \<0.001     99.5±1.6
  hsCRP, mg/dL                      0.5±1.9                0.4±1.6                    0.58        0.5±0.1
  Use of antilipidemic agents, %    49.6                   36.2                       \<0.001     45

Values are expressed as mean±SD.

MetS, metabolic syndrome; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; hsCRP, high sensitivity C-reactive protein.

###### Hierarchical Regression Analysis between Apolipoprotein B and Clinical Variables
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  Variable                      Model 1 (R^2^ =0.270)   Model 2 (R^2^ =0.273)   Model 3 (R^2^ =0.287)                      
  ----------------------------- ----------------------- ----------------------- ----------------------- --------- -------- ---------
  Age                           -0.019                  0.510                   -0.021                  0.468     -0.013   0.678
  Male                          0.070                   0.017                   0.072                   0.014     0.055    0.071
  LDL-C                         0.490                   \<0.001                 0.506                   \<0.001   0.494    \<0.001
  No. of MetS components        0.120                   \<0.001                 0.110                   \<0.001   0.036    0.401
  Use of antilipidemic agents   \-                      \-                      0.064                   0.031     0.055    0.064
  Waist circumference           \-                      \-                      \-                      \-        -0.006   0.863
  Systolic blood pressure       \-                      \-                      \-                      \-        0.099    0.018
  Diastolic blood pressure      \-                      \-                      \-                      \-        -0.040   0.314
  Triglyceride                  \-                      \-                      \-                      \-        0.116    \<0.001
  HDL-C                         \-                      \-                      \-                      \-        -0.014   0.660

Apolipoprotein B level was the dependent variable.

R^2^, adjusted R-squared; LDL-C, low density lipoprotein cholesterol; MetS, metabolic syndrome; HDL-C, high density lipoprotein cholesterol.

^a^Partial regression coefficient.
